where ~m and lpSi are potential barrier heights at the gate material-insulator, and semiconductor insulator interfaces, as shown in figure 1 , in which other potentials used in this work are also indicated. Both lpm and ~Si are considered here to be positive values, in accordance with the sign convention commonly used in the literature of the subject [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] (1). (') This sign convention is different from the one used in our previous papers [14, 15] . integrated circuits and transistors depend on the value of 0... In particular, the threshold voltage VTI which is a fundamental parameter of these devices, may often be expressed by the following formula (') : (1) where Qeff and QB are respectively, the effective charge of the insulating layer (3) , and depletion layer charge at the onset of strong inversion (per unit area), Ci is the insulator capacitance (per unit area), and ~F is the electrostatic potential in the semiconductor bulk (see Fig. 1 ). The first two factors in this expression for VT, yield the value of the flat band voltage VFH, which is a gate voltage at which the energy bands in the semiconductor substrate are flat up to the semiconductor-insulator interface. Namely :
In connection with equation (3) Agajanian [12] , while the current understanding of these phenomena was summarized by Deal [13] [5] [6] [7] [8] [9] [10] differ considerably. This fact is illustrated in figure 3 , for the Al-SiO2-Si systein, to which the experimental part of this work is limited.
As can be seen in figure 3 , the values obtained by Werner [6] for the Al-Si02-Si (n-type) system are more than 0.4 V higher than the values obtained by Kar [7] . Moreover, according to [6] [14] and [15] . Hickmott [10] [8] , substrate orientation ~ 100 ~, Si (n-type); (2) [6] , ~ 100 ~, Si(n); (3) [9] , 100 ~, Si(n) ; (4) [9] , 100 ), Si(n) ; (5) [5] , 100), 111 ), Si(n); (6) [8] , 111 ), Si(n); (7) [7] , 100 ~, Si(n); (8) [6] , 100 X Si(p) ; (9) ( 13), (14) , (15) , (16) -samples annealed in forming gas, 400 OC).
from carrier trapping in the oxide layer, as described below. Nearly all the results of 0 ms measurements mentioned above, and shown in figure 3, were obtained using various forms of the classical method of flat band voltage determination for MOS capacitors with varying thickness of the dielectric layer [3, 4] . This method is based on equation (3). Which [3, 4] and [6] [7] [8] [9] [10] given by :
where the various potentials used are defined in figure 1 .
The contact potential difference 0 ms can be expressed in the following way :
Combining equations (6) [22, 23] . All these assumptions are fulfilled in the conditions under consideration.
The value of u* can be calculated from the MOS capacitance Cmin under illumination in the strong inversion conditions (per unit area), by solving the following equation [22, 23] : where Es is the semiconductor permittivity, q is the electronic charge and N stands for the dopant concentration.
Having found u*, the effective level of light-induced generation 03BE can be evaluated from equation (10) . Inserting the value of 03BE into equation (11) figure 5 will be considered now. The first situation (Fig. 5a) is the flat band situation in the semiconductor, mean where wso = ~s(~i = 0). (5) and also u* and n* have been previously determined. Having found P.. the value of ~MS can be calculated from equation (9), and the value of Qeff from equations (14) (15) (16) and (20) (6). 3. 5 DETERMINATION OF 4JMS FROM VGO AND C(VGO) vAI,,uES. -The value of (p. ,. can be found by measuring the capacitance of the MOS structure at VGO gate voltage and using the well known relation between surface potential and capacitance of the semiconductor surface region [3, 4] . In this case uF instead of UF and ne instead of ni should be inserted into the expression for the Kingston function as given by equation (16) .
In the majority of cases, however, significant simplification of the calculations can be made.
In some structures (e.g. typical AI-SiO2-Si (p-type) system) VGO lies in the depletion or inversion range, and in such cases the following simplified relation can usually be applied [22, 23] :
where Cs(V 00) is the capacitance of the semiconductor surface region (per unit area).
When the value of V GO lies in the accumulation range (e.g. for typical AI-SiO2-Si (n-type) system), (s) The simplest and most reliable way to measure VFB is the standard method of C(V) characteristics [3, 4] , although other methods [24, 25] can also be used (6) Following CPso calculation, the value of ~MS can be calculated using equation (9) and the value of Qeff can be calculated from equations (14) (15) (16) and (20 Processing of the measurement results, and calculation of the ~MS value was usually pursued in following steps :
1. From the C(V) characteristics (taken in step 2 above) the MOS capacitances Cmax (in strong accumulation) and Cm;n (in strong inversion) are read, from which the doping density N, the dielectric capacitance C ;, and the flat band capacitance CFB are calculated by standard methods [3, 4] , using the previously determined value of the dielectric thickness x; (step 1 above).
2. The value of MOS capacitance in strong inversion under UV illumination (obtained in step 3 above) is used to calculate the values of cp;, and n*i (see section 3. 3). 3 . The values of VGO (obtained in step 4 above), and YFB read from the « secondary » C( V) characteristic (taken in step 5 above), and also the values of u* and n* are used to calculate ~so from equation (22) . This allows further calculation of Qeff, and ~MS using equations (14) (15) (16) , and (9) . This procedure of ~MS determination is called « Method 1 », and the results are labelled accordingly. 4 . The value of C(VGO) (obtained in step 4 above) is used to calculate Cs(VGO) from equation (25), and ço.. from (23) or (24) as discussed in section 3.5. This again allows calculation of Qeff, and oms using equations (14) (15) (16) and (9) . This Table I ).
The différences between the average values of ~MS (') No Cl containing agents have been added to the oxidation atmospheres used in these experiments. [26] (The Powell-Berglund method of barrier height determination was used [27, 28] 
